ABSTRACT--In order to clarify the effect of a prolonged exposure period on vaccine effective ness, juvenile rainbow trout were immersed in 100, 1,000 and 10,000 times dilutions of a commer cial vibrio bacterin for 3 min (brief immersion, BI) and for 24 h (prolonged immersion, PI). Two weeks and 2, 4 and 6 mo after the vaccination, fish were challenged by waterborne exposure to Vibrio ordalii. Prolonged exposure to dilute bacterin resulted in better protection than the standard BI method. Two weeks after vaccination, the cumulative mortality was 0% in the group vaccinated by PI with the 100, 1,000 and 10,000 times diluted vaccine. In contrast, mortality was 58 and 77% in the groups vaccinated by BI with the 100 and 10,000 times diluted vaccine respectively, and was 100% in the unimmunized control group. Furthermore, 6 mo after vaccination, the mortality was 20% (100 times dilution) to 77% (10,000 times dilution) in the PI group, while it was 64% (100 times dilution) to 93% (10,000 times dilution) in the BI group. Mortality in the corresponding control group was 97%. These results suggest that prolonged exposure period improves vaccine effec tiveness.
group was 97%. These results suggest that prolonged exposure period improves vaccine effec tiveness. The idea of immersion immunization was first reported by Amend and Fender (1976) . Two decades of experience in immersion immunization are well docu mented by Newman (1993) , and Nakanishi and Ototake (1997) . These reviews have clearly shown that immer sion immunization is a convenient and effective method for mass vaccination to protect cultured fish from dis eases, and several commercial bacterins are currently administered by this method. Although better protec tion can be obtained with the injection method, which requires smaller amounts of vaccine, immersion immuni zation has advantages over injection in terms of reduced stress on the fish, low labor costs, time necessary for vaccinating large numbers of fish, and operator safety. Moreover, this method is especially suitable for juveniles that are too small to be injected. (Fender and Amend, 1978; Tatner and Horne, 1983; Thune and Plumb, 1984; Tatner, 1987; Nakanishi, 1992a, 1992b; Ototake et al., 1992 Ototake et al., , 1996 . As for the length of immersion time, it has been suggested that longer exposure time results better pro tection (Kusuda et al., 1980; Tatner and Horne, 1985) . However, data are not sufficient to conclude that the pro longed exposure period affects the vaccine efficacy.
We have previously studied antigen uptake during prolonged immersion (PI), where the exposure period varied between several h and day. PI enhanced the uptake of a model particulate antigen, bovine serum albumin (BSA)-conjugated latex particles, and also of the corresponding soluble antigen, BSA, by rainbow trout Ototake et al., 1998) . These studies strongly suggest that prolonged immersion time enhances the efficacy of diluted vaccine containing either particulate or soluble components.
Thus, in the present study, we investigated the efficacy and duration of the diluted vaccine administered by PI and ordinary brief immersion for 3 min (BI). Results Fig. 1 shows the cumulative mortalities of the vaccinated and unvaccinated control fish challenged 2 wk, 2, 4 and 6 mo after vaccination.
PI resulted in better protection than BI in all 12 experimental groups, and a significant (P < 0.05) improvement was seen in 7 out of 12 groups (Fig. 1) . Two wk after the vaccination the cumulative mortalities were 0% in the groups vaccinated by PI with the 100 to 10,000 times diluted vaccine (Fig. 1A) . In contrast, the moralities were 58 and 77% in the groups vaccinated by BI with the 100 and 10,000 times diluted vaccine respectively, and was 100% in the control group. Two mo after vaccination the mortalities in BI groups with 10,000 and 1,000 times diluted vaccine were no longer significantly different from the mortality in the control group (Fig. 1B-D) . Six mo after the immersion, while the fish from PI groups with 100 and 1,000 times diluted vaccine showed high protection against vibriosis, the fish from PI group with 10,000 times diluted vaccine and fish from BI group with 1,000 and 10,000 times diluted vaccine lost all of their protection ( Fig. 1 D, Fig. 2 ).
Discussion
The prolonged immersion method (PI) resulted in better protection against vibriosis than the brief immer sion method (BI) 2 wk, 2, 4 and 6 mo after immunization. These results suggest that prolonged immersion time improves the efficacy of immersion immunization. The present results are consistent with our previous studies Ototake et al., 1998) , which showed that the uptake of particulate and soluble antigens corre lated to the exposure period. This consistency strongly suggests that the effectiveness of immersion immuniza tion is primarily dependent on the amount of antigen taken up into fish.
Although there have been many studies on the efficacy of immersion immunization, most of them except those by Kusuda et al. (1980) and Tatner and Horne (1985) used exposure periods ranging from several s to several min. Thus, the differences in time employed were small, and it was not clear whether an extended immersion period improves the efficacy of immersion immunization. Kusuda et al. (1980) showed that 300 times diluted vibrio bacterin (V. anguillarum) was admin istered to ayu by immersion for 5 h was as effective as undiluted bacterin administered for 30 s by BI. Tatner and Horne (1985) also showed that immersion for 6 h with 2,000 times diluted yersinia bacterin (Yersinia ru ckeri) was effective in brown trout. These studies suggest that prolonged immersion contributes to en hancing the efficacy of vaccines, but they are not conclu sive. For instance, the results of Tatner and Horne (1985) were not reproducible.
Namely, in 4 of the 8 experiments a long immersion period caused better pro tection, and in the other 4 experiments it caused worse protection than the short immersion period. As they mentioned, the reason for this contradiction may be that their challenge was too severe, and therefore mortalities were high even in vaccinated groups. In the case of Kusuda et al. (1980) , they measured the efficacy of dilute bacterin administered to fish by 5 h immersion, but they did not measure the efficacy of the dilute bacterin administered by immersion for a short period. Therefore, in the present study, we administered each dilute vaccine by PI and BI methods and compared mor talities.
The high efficacy of vaccination with 100 and 1,000 times diluted vaccine by PI continued even six mo after the treatment (Fig. 2) . This indicates that 100 and 1,000 times diluted vibrio vaccine is extremely effective when administered to fish by PI. Thus, the optimal combinations of exposure period and antigen concentra-tion can be chosen according to particular situations at individual fish farms. For example, for juvenile fish, which are highly sensitive to handling stress, it may be possible to vaccinate them in tanks with highly diluted vaccine for longer time. PI may be effective for immu nizing fish where or when ordinary brief immersion vaccination shows little effect.
